A method to identify Brucella abortus strain 19 by erythritol utilization using gas liquid chromatography (GLC) was developed. A total of 69 strains of B. abortus (41 virulent field strain isolates and 28 strain 19 isolates) were tested. Following incubation of the isolate with a standard amount of erythritol, the erythritol present in the cell suspension was acetylated and measured by GLC. Field strains of B. abortus utilized an average of 90.9% of the erythritol, whereas vaccine strains utilized an average of 42.4%. This difference in erythritol utilization will allow a more rapid identification of B. abortus strain 19.
The differentiation of Brucella abortus strain 19 from field strains is important in herd management and epidemiology. The reduced utilization of erythritol by B. abortus strain 19 is one of the main criteria used for differentiation. The oxidative metabolic utilization of erythritol by B. abortus strain has been reported to be lower than that of pathogenic strains of Brucella. 3, 6 At one time, our laboratory tested all suspected isolates of strain 19 by manometeric methods to obtain an oxidative metabolic profile for the definitive identification of the isolate.' This was very time consuming but did confirm that the biochemical tests were consistent and reliable. Sensitivity to thionin blue and penicillin is a stable characteristic of B. abortus strain 19, but growth on erythritol is variable. 4, 5 The oxidative metabolic studies of erythritol-resistant strain 19 isolates showed that the organisms do not utilize erythritol (D. R. Ewalt, unpublished data).
A simple thin-layer chromatographic method to identify Brucella, which correlated well with the manometeric method, has been developed. 2 This procedure works well with amino acids; but, because erythritol is a sugar alcohol, it cannot be easily detected by thinlayer chromatography. A recent study described a procedure to detect erythritol in the fetal fluids-of fallow deer by gas liquid chromatography (GLC). 9 The purpose of this study was to differentiate B. abortus strain 19 from field strain isolates of B. abortus using GLC to measure erythritol utilization.
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Materials and methods
Cultures. Twenty-eight isolates of B. abortus strain 19, 28 isolates of B. abortus biovar 1, 7 isolates of B. abortus biovar 2, and 6 isolates of B. abortus biovar 4 were tested. The isolates were inoculated onto a slant (25 x 100 mm) of tryptose agar containing 5% bovine serum and incubated for 18-24 hr in 10% CO, at 37 C. The bacterial cells were washed off the slant with sterile Sorenson's buffer (pH 7.0) and standardized to 45% transmittance (600 nm) on a spectrophotometer. One milliliter of standardized cells was added to 0.5 ml of a 0.01% solution of meso-erythritol in Sorenson's buffer. The solution was mixed and incubated for 4 hr in 10% CO, at 37 C. Following the incubation period, the cells were heat inactivated and dried overnight in a 100 C oven.
Gas liquid chromatography. A modified GLC procedure, as previously described, was used. 9 Erythritol was acetylated by adding 200 µ1 of pyridine and 200, µl of acetic anhydride to the dried cell mixture and incubating for 2 hr at 100 C. The excess reagents were removed with a filtered air stream. Chloroform (0.5 ml) was added to the dried acetylated erythritol cell mixture and incubated at room temperature for 5 min.
Samples (5 µ1) and standards were injected into a gas chromatograph a equipped with a 2-m x 3-mm i.d. glass column packed with 3% OV-1 on 80/100 Chromosorb W-HP. b The column temperature was 140 C isothermal and the carrier gas was 40 ml/min nitrogen. Determination of erythritol utilization was by peak height comparison of samples to a known erythritol standard (0.0 1%).
Biotyping procedures. The following tests were performed on all isolates using published methods.' The isolates were tested for their growth in the presence of basic fuchsin (1: 25,000 and 1:100,000), thionin (1:25,000 and 1:100,000), and thionin blue (1:500,000); growth on medium containing penicillin or erythritol; lysis by Tbilisi phage; urease and catalase activity; H 2 S production; and CO, dependence.
Statistical analysis. An analysis of variance was per-
formed on the percentages using the angular transformation. The data were evaluated using the F statistic from the analysis of variance for a completely randomized design and the Least Significant Difference (LSD) method for multiple comparisons.
Results
The B. abortus strain 19 isolates utilized from 3 to 78% of the erythritol with a mean of 42.4% and a standard deviation of 21.6% (Tables 1, 2) . The field strains of Brucella utilized 68-100% of the erythritol (Table 3 ). Eleven isolates (16%) (6 strain 19 and 5 virulent strain isolates) utilized between 60 and 80% of the erythritol. The means and standard deviations are in Table 2 . The difference between utilization of erythritol by field-strain isolates of B. abortus and by B. abortus strain 19 isolates was significant (P < 0.05) as determined by the LSD method. The field-strain isolates did not differ significantly from each other. The F statistic detected a highly significant difference among strains (P < 0.001). The average chromatograms for strain 19 and the field strains are compared in Fig. 1 . 
Discussion
The differentiation of B. abortus strain 19 from field strains of Brucella by GLC was demonstrated in this study. The results correlated well with previous reports 3,6 of reduced erythritol utilization by strain 19. The sensitivity of B. abortus strain 19 to erythritol has been reported 3-5,8 even though isolates of strain 19 occasionally have lost this sensitivity and have grown in the presence of erythritol. Metabolic oxidative studies have shown that strain 19 does not metabolize erythri-to1 at a high rate. 3, 6 Using GLC to detect erythritol is vastly simpler than the classical manometeric techniques.
The sensitivity of B. abortus strain 19 to thionin blue and penicillin is stable, 4,5 but penicillin-sensitive isolates of B. abortus biovar 1 have been isolated in our and other laboratories (D. R. Ewalt, unpublished data). 10 Additionally, thionin blue has become very scarce; thus, there is a need for a new test to identify strain 19. The GLC procedure may meet this need.
The range of erythritol utilization by the field strains was small; many isolates utilized 100%. The range of erythritol utilization among individual isolates of strain 19 was broader than expected. About 16% of all isolates would require additional tests such as CO, requirement to confirm their identification. It was observed early in the study that evaporation of the chloroform was a problem that caused variable results. In an attempt to solve the evaporation problem, the chloroform was added to the dried acetylated erythritol 5 min before it was injected into the gas chromato-graph. Other less volatile solvents may work better than chloroform.
The use of GLC to differentiate B. abortus strain 19 has some advantages over the standard identification procedures, which require 7 days for completion. These advantages are it can easily be automated and can be completed in 2 days. The GLC procedure shows potential as a rapid identification test for B. abortus strain 19 isolates.
